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ABSTRACT.

This study deals with structural pip.ng response to dynamic

loads generated by hydraulic transients in nuclear power plants.

Transients were induced by means of a rupture disc and closure of a

feedwater check valve at the Heissdampfreaktor, West Germany. Blind

pred.ictions of piping response.were made using the computer code

EASE 2, Comparisons between computer simulations and experimentalc

observations are contained in the report.
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I

1.0 INTRODUCTION

At the request of the Ministry of the Interior (BMI) Federal Mepubh:
of Germany, the Society for Reactor Safety (GRS) formulateA N ; w Lions
haling with, among other things, the formulation an .i uecution of a

Ei.atthrd Preblem in the arwa of pressure wave ptc pagdtion in nuclear power
plant piping systet.3. Eutely, German Standard Problem No. 4 (DSP4) was
defined and funded. The aim of this problem was to study the closing

behavior of a feedwater check valve and the fluid dynamics in its respective

pipeline as a result of a simualted break in the pipeline and ensuing rspid
closure of the check valve. The tests were to be performed at the

Heissdampfreaktor (EDR) using the URL pipe system.

In connection with this study an additional German Standard Problem
(4a) was defined. This study wat tc be a part of the same tests performed
for problem 4. The emphasis here would be the determination of the
structural dynamic behavi r of the pipe system (measurement and calcualtion
of pipe displacements, accelerations, strains / stresses) when subjectei to
fluid forces from the problem 4 event.

As a part of German Standard Problem 4a (LSP4a), ten (10) engineering
firms performed " blind" <alculations to predict the structural dynamic
response of the URL piping system to problem 4 fluid forces. The results of
these calculations were sent via magnetic trpe to GRS prior to distribation
by GRS of the embargoed experimental results. Chapter 6 of this report

presents a very brief cnap son of ACO's predictions to the subsequertly

released data. ANCO Engineers, Inc. was one of those firms and the sole
eerican participant. This report documents the te*ks performed in
predicting the URL response.

1-1
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2.0 DESCRIPTION OF GdRMAN STANDARD PROBLEM 4a (DSP4a)

DSP4 was an experimental and theoretical simulation of an assumed break
in a feedwater line for a nuclear power plant. The simulation was performed
using a leg (r?rtion) of the modified recirculating loop of the

Heisadampfreaktor (HDR) at Kahl, West Germany (see Figure 2.1). The pipe

system was modified by rebuilding a portion of the external forced
circulation loop. This involved installing r irculation pump Z 199 (Iam 7
in Figure 2.1).

Yhe test involved circulating compressed water * through a portion of
the pipe system. The circulation started from the S-support 3 (see Figure
2.1) and travelled to a spherical piece 12, and on' through locations 6, 7,
5, 11 , 10 , 4, 9 , and back to the reactor vessel 2. Once steady-atate fluid

conditions were achieved, the break in the feedwater line was simulated.
This involved: (1) circulation pump shut off; (2) fracture of the rupture

disc (8 in Figure 2.1, simulated assumed break); (3) closing of rapid

shutoff valva 5; and (4) eventual closure of the check-valve 4. At

check-valve closure, pressure waves were generated which propogated through

the syster.

The pressure waves generated during the test were of such amplitude
that a high otress state in the pipe material resulted (high relative to the

|

|
yield stress of the material). For this reason i.t was of importance to

understand the structural dyr.amic behavior of the pipe system during the
fluid dynamic event. This is where DSP4a ties in with DSP4. Fc. DSPb , the

structural dynamic behavior of the URL test pipe line was to be theorv i-
cally determined; applied structural loading was to be determined from the.

* Note: The state of the water in the test line during the circulation phase
was 70 bar (IN S psi), 2200C ' '+2 80F) , and 4 m/sec (13.1 ft/sec;
in opposite direction to blowdow.i flow direction).

2-1
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FIGURE 2.1: MODIFIED PRIMARY COOLANT LOOP AT HDR=
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DSP4 test data.' During the blowdown test the UCL pipe was instrucented
with displacement ~ transducers, accelerometers, and strain gauges. The data.

from these instruments is the basis against wh10h all DSP4a theoretxeal

simulation results are to be compared.

The port. ton of the URL system involved in the structural simulation io
shown . in Figure 2.2. The pipe has a ' total length of 18.80 meters (6' .6 3

ft). The pipe be51ns at the reactor vessel and travels to_a rupture disk at
its other end. There is a fixed point roar the ruptt:re disk. Therc are ne

structural supports (snubbers or struts) attached to the pipe. The

dimer.sions and material specification of the various sections of the pipe

are given ir Table 2.1. The inner pipe diameter and wall thickness vary

from 0.351 to 0.453 ceter (1.152 to 1.486 ft) and 0.014 to . 0.142 neter
'

(0.046 to 0.466 ft), respectively.

As a part of the theoretical simulation for DSP4a, the specified

response quantities are to be calculated; they are displacement,

acceleration, and stress. The cocponent0 of stress of . interest are the

bending, tensile, torsional, tangential, and comparative (von !!ises) .

stresses. Also, the bending axis angle was desired. Figure 23 and

Table 2.2 describe the desired quantities.

The fluid forces on the pipe, due to the pressure waves, were to De

calculated using the DSP4 Last data (i.e., fluid pressure). The pressure as
a function of time is known at numerous locations, particularly at inlets

and/or outlets of pipe elbows. The cethod used.for obtaining the forces was

to be developed by each investigator. Thus, DSMa involves determining

both the fluid / structure interface forces and the structural response.

5 :,e: The calculations performed by AUC0 Engineers. Inc. were to *tu)ste

reclity as closely as possible (they wec not dcrigned to be
conserntive), Also, no previcus (prior to completion of the-
analysis) knowledge of the structu 1 dynamic test results was
known.

2-3
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TABLE 2.1

DibiENSIONS AND MATERIAL DESIGNATIONS FOR PIPE SECTIONS

bfd.*
Nr. Teilstud Werkstoff Nentweite Innendurch- mittlere X) Teilstuck-

msser Wanddicke IMnge
C= .7 Cm] [m]

1 RDB-Wand 23NiMcCr36 - - 142 142

2 T-Stutzen 23Nitkfr36 IM 350 351,2 104,4/27,6 375

3 120*-Bogen Nr. 4550 Mi 350 360 25,0 1120

4 Rohrstuck mit Nr. 4550 BM 350 360 19,3 2508
30*-Biegung

5 60*-Bcgen Nr. 4550 tM 350 360 25,0 560

6 Rohrstuck Nr. 4550 tM 350 360 19,3 1494

7 90 *-Bagen Nr. 4550 PM 350 360 25,0 840

8 Rohrstuck Nr. 4550 IM 350 360 19,3 630

9 Probenstud KB 35 iM 350 377 14,0 1000

10 Rohrstuck Nr. 4550 tM 350 360 19,3 2925

11 Obergangsstud 15Mo3 BM 350 360 19,3/25,0 100

12 90*-Bogen 15M33 tM 350 356,4 25,0 957

13 Rohrstuck 15Mc3 tM 350 371,4 17,5 510

14 MeBring I 15Mo3 - 371,4 - 480

15 SRV 350 GS C25 tM 350 - - 3250

16 MeBring II 15Mo3 - 371,4 - 500

17 RohrstUck 15Mo3 IM 350 371,4 17,5 260

L3 61*-Bogen 15Mo3 tM 350 356,4 25,0 648

19 T-Stuck 15Mo3 IM450/350 428/371,4 40,0/17,5 1300

20 Stutzen 15Mo3 tM 450 453 61,0 520

21 Me0 ring III m. 15Mo3 BM 450 453 27,S/93,5 740
Bruchstutzen

22 Berstscheiben tM 450 453 - 250
u. Mundungsrohr

19109

,_

x) Die mittlere 17anddicke wuric aus den Angaben der Rohrleitungszeichnungen
entncmnen tnd weicht erleblich von den an einzelnen Stellen durchgefUhrten
MPA-Messungen ab (siehe Anlage 12).
Die beam Probenstuck (lfd Nr. 9; angegebenen Mace sind Istmae.

Note: These sections are defined in the next page of this table.*

2-5
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FIGURE 2.3: Desired Structural Response Quantities.
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TABLE 2.2: DESIRED STRUCTURAL RESPONSE QUA.IITIESV

\.

Entsprechende McGstelle zu ermittelnde Gr5Ge

F? 2201 Weg in y-Richtung i
RS 2202 Weg in x-Richtung J (3,4 m vom

RS 2203 Weg in :-Richtung * RDB-Stutzen)
RS 2204 Weg in y-Richtung
RS 2205 Weg in z-Richtung (7,7 m vom

RS 2206 Weg in x * Richtung RDB-Stutzen)

| SS 4004 Weg in z-Richtung
SS 4005 Weg in x-Richtung am Ventil
SS 4006 Weg in .y-Richtung .

SS 4001 Beschleunigung in x-Richtung
dS 4002 Geschleunigung in y-Richtung am Ventil-
SS 4003 Beschleunigung in z-Richtung .

I RK 1010 Zugspannung 3
I

i RK 2010 Biegespannung
RK 2210 Winkel der Biegeachse
RK 3010 Torsionsspannung | MeGebene A:
RK 4110 Tangentialspannung durch

innendruck j
RK 5010 Vergleichsspannung

TRK 1011 Zugspannung
!

-

RK 2011 Biegespannung
RK 2211 Winkel der Biegeachse j

MeGebene~C1R K 3011 Torsionsspannung r

! RK 4111 Tangentialspannung dur:h
innendruck

/) RK 5011 Vergleichsspar.nung
.

*RK 1012 Zugspannung
RK 2012 Biegespannung
RK 2212 Winkel der Biegeachse j

'

MeGebene M1RK 3012 Torsionsspannung
|"i- RK 4112 Tangentialspannung durch 1

Innendruck J
RK 5012 vergleichsspannung

R K 1013 Zu g s panr.ung ]
RK 2013 Biegespannung f

'

RK 2213 Winkel der Biegeachse
. '

McGebene ERK 3013 Torsionsspannung
R K 4113 Tangmtialspannung de ca

innendruck
RK 5013 Vergleichsspannung

.

R K 1014 Zugspannung 1
RK 2014 Biegespannung [*

RK 2214 Winh! der Biegeachse (
. RK 3014 Torsiensspannung f MeGebene F

I
| R K 4114 Tangmtialspannung durch

innendruck I

VR K 5014 Vergleichsspannung

2-8
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-3.0 STRUCTURAL MODEL OF THE URL PIPC SYSTEM |
|

! |

To simulate the dynamic behavior of the URL pipe sTucture for DSP4a, a'

linear finite element model was constructed.e A plot representing the model

is shown in Figure 3 1. The model includes the section of the pipe from the
,

reactor vessel wall to the T-piece. Fixed points (all degrees of freedom -

deleted) were assumed at each end of the pipe. The model was defined using

30 nodes (end nodes fixed; t63 degrees of freedom) and 27 finite elements-

(straight and curved pipe elements). Appendix A contains a partial listing-

of the EASE 2 input data' deck which defines the finite element model.-

'
Various coordinate systems were defined. The global coordinate system

(the roterence_ system for mass and st;ffness matrix. assembly) is given by X,
i Y, Z (see Figure 3 1). Lccal coordinate aystems were d.rined for output of.

dieplacement and acceleration simulation results in accordance with DSP4a

p definition (specified by the Society for ' Reactor Safety; T. Grillenberger);

they are shown in Figure 3 2 and are represented by x, y, z.

! A flexibility factor k is used in EASE 2 to modify the bending termsp

in - the flexibility matrix for the curved pipe element. The flexibility,

| matrix for the curved pipe element is derived ' totally from curved beam

j theory. This overestimates the stiffness (as ' compared to exrtrimental

data). To correct for this, the flexibility factor - k is used. _It isp

[ given by:

!

!
! .

i '

pe (1.65/h)/[1 + (6p/Eh)(R/t) 4/3]11! A

!
$

2

.

!
' Note: The cEputer code EASE 2 (Elastic Analysis for Structural Engi-

neering) was used. This code is accessible' through the CDC L

Cybernet Network Worldwide.i

i^

.

8
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where: p = internal pressure

h = tR/r1
r = (d -t)/2o

R = bend radius

t = wall thickness

do = outside pipe diameter
E = Ycung's modulus

This correction can be significant. From experience, errora on the order of
25% have been observed in the first natural freque cy of piping systems when

this correction was noc included.

Follcwing model formulation, an eigenvalue analysis of the URL model
was executed. The first ten (10) eigenfrequencies are given in Table 3< 1.
It is likely that with the number of nodes used in defining the pipe codel
(30 nodes) that the last few modes are not accurately defined. If it is

minimally acceptable to use four points to define a half cycle of a standing
wave, then the seventh (7th) mode is approximately the highest mode that can
be acceptably defined with the thirty (30) node points. Four points will

reasonably well define a half cycle. For three points, it is possible to

define 'sp ts aoout the tenth (10th) mode. Three points will marginally

define a half cycle. For these reasons, it is rr u nable to expect the URL
modes to be fairly well defined up to at least the sight (8th) or ninth
(9th) mode.

3
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'l ABLE 3.1

NATJRAL FREQUENCIES

FOR HDR/URL BLOWDOWN MODEL
f

i

!

,

Mode # Eigenfrequency (Hz),

:
1 5.46

2 8.54

6 9.43
'

.4 26.18'

! 5 30.55

6 39.71

7 45.57
,

8 50.54-

9 64.23
I

| 10 76.22
.

I

I

r

L

4

:

|

|
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!-
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4.0 PRESSURE WAVE FORCES ON THE URL PIPE

DSP4a involves accurately simulating the structural dynamic response of-
the modified URL system when excited by the DSP4 blowdown fluid forces.
This type of simulation deals with fluid-structure interaction (the response

,

of a structure due to transient fluid events).
4

There are two general approache s to the fluid-structure probleus. One

involves the 'difinition and solution of a coupled problem. For this

approach, the equations representing the fluid and structure behavior are
coupled to each other. In order to solve for the response of either the

fluid or structure, the response of both must be found simultaneously. The,

other approach involves determining an uncoupled solution. This involves
solving for or determining experimentally the fluid response, independently
of the structural response. The fluid response is then input into the-

! structural problem, and the uncoupled structural response is determined.
The latter of these two approaches was used for DSP4a. This is because the
fluid response, determined as a part of DSP4, is to be used as input to
DSP4a. The fluid response (i.e. , pressure) is to be used to determine the
fluid forces on the URL pipe. These forces will be used in determining the

;

; structural response.

f
| Given the transient 01uid response of a system, there are at le.st two
| possible basic approaches for determining the fluid forces (uncoupled fluid-

structural problem) on a pipe system. -One approach could be called the
" equivalent concentrated forces method." Basically it says, given a,

|

| continuous fluid stress distribution in a pipe (at the pipe fluid
f

| interface), it is possible to determine equivalent concentrated loads at the
,

( node points used to define the structural model. This is done, 'in part, by
applying the following equation:

i
!

-4-1
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T
eq -

iswhere P is the equivalent end load vector for a pape element, . a
the transpose of the matrix a, wher e a gives the relationshig for a

discrete structural element (i.e., finite element), between the spatially

continuous interior displacements and the discrete element displacements lui,
the node points), 6 is the matrix of distributed surface stresses (distributed
field of fluid stcess), and dS refers to the integration being carried out
over the applicable surface (s). This expression is c.,nly for a single

element. A P,q would have to oe determined for each element. Then, a

global P would need to be determined for the entire structure. This is
eq

an excellent approach, provided the distributed loading can be determined
for tue entire structure. This may be possible for the DSP4a, but would be

'

very difficult, if at all possible. As this is a wave propagation problem,

it greatly comtlicates the determination of a continuous pressure

distribution. Beca*:se of this, it was decided to use a second approach to
solving the uncoupled problem.

Another of the basic uncoupled fluid-structure approaches involves the
use of the linear momentum equation from fluid nechanics (control volume

formulation):

F, + fff B(pdv) = ff V(pYadI) + fff Y(pdv)
C.V. C.S. C.V.

where 7 is the total surface force on the control- surface (C.S.),) is the
3

body force distribution, .V is the fluid velocity, dA is a differen,tial area
normal to the C.S. and p is the fluid density.

4-2
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To apply this equation, the space occupied by the fluid in the pipe was
subdivided into t control volumes (the union of the control volomes is equal -,

' ,

to the total space in the pipe). There are an infinite number of ways to

subdiiride the space. Various methods for doing this have been devised.,

| i

The control volumes for this problem obviously had to be' contained in
. straight, curved, . and combinations of- straight and curved lengths of pipe

j (see Figure . 4.1) . One constraint on the' selection of vclumes was that the
i pressure had to be known - at each of its two ends. (As will be discussed

later, . this was not necessary for straight volumes.) This is necessary for
evaluating the surface force 7 .

3

1

The question arises as to how large the control volumes can be (or to
i ' how small they should be). For each control volume, there is essentially

one resultant force. If there are only a few control volumes, there will

!, only be a few forces representing the spatially continuous lead distribution
on the pipe. The smaller the control volumes the more closely their

combined loading resembles the continuous loading.
f-

In choosing the size of a control- volume it is important to considera

the degree to which the center of pressure of its respective fluid changes
location during the fluid dynamic event. The control volume resultant force
should be applied at the center of pressure. This can be done by having.a
fine mesh for the discrete structural model, especially for such elements as
curved pipes (locations where some of the largest resultant forces are

[ generated). During the structural simulation the resultant force can be -

moved from node to node. Even though these calculations can be performed
i- with enough data, they are very involved (i.e., the center of pressure must

be calculated at each solution step). This, coupled together with the fact

that only a relatively limited amount of DSP4 data is available, the
resultant control volume force, for DSP4a, was not applied ac the center of

..

pressure, but approximately at the geometric center of the control volume.

It. the control volumes are chosen to be * co large there will possibly be
considerable error in the force application point locations.

(

4-3
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FIGURE 4.1: Some Possi' ole Cca'oinations of Pipe Segments
U :* d in Defining Control Volumes.
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|On the basis of the above discussion, the URL blowdown ~ aodel . (DSP4a)

[ was broken up - into six (6)- control volumes (see Figure 4.2) . As can be
t .

| seen, - four of the volumes are made up of a combination of 1traight and

i- curved sections. Two of the volumes are straight.. The point _of applic. tion

of the resultant force for a given control volume is represented by the <

;

i
designator LP (load point). No load point is defined for volume ~ six (6).;

This volume is straight with the only forces it can exert on its section

j of-pipe being frictional. For a DSP4 type of event, the frictional fluid

forces ar's negligible. i

i,

f .In determining the control- volume forces on the pipe, it is necessary
'

to ' enluate the momentum efflux rate, rate of. change of control volume

momentum, and body force integrals for each control volume. The two
, t

j: somentum integrals are dependent on mass flow rates. The major events that-

|
take place during the DSP4 test 'that might effect the mass flow rate are:

j (1) the circulation pump givas a constant flow rate of compressed liquid of-
'

approximately 1600 m3/ hour (15 7 ft /sec); (2) the put:p is shut off at thei

; beginning of the test, resulting in essentially zero flow rate; (3) fracture i

of the rupture disc, resulting in flashing df the compressed liquid at tM
, ,

._

disc; (4) closing of the rapid shuc-off valve- immediately after uputure

! disc fracture (this insures isolation of the second section of pipe); and

(5) closing of the check-valve SRV350, resulting in zero mass flow rate4

. .
-

: between the fitting and reactor vessel (after closure). The flashing will '

j- give rise to large steam and small to moderate compressed liquid velocities.

I- This will generate some force on the pipe, but is not the major forcing

generated during the entire event. The~ aajor forcing is generated during

check-valve closure. For this phase of the forcing, the compressed . liquid

flow rate is initially at a m il to moderate level. As' the event

progresses, the flow rate will diminish, eventually, to zero. Figure 4 3

| gives a hypothetical example of this. With the portion of the DSP4 event-

! that gives rise to the _ largest forcing, seeing only from moderate to zero

net flow rates, a reasonable assumption for_ calculating peak forces on the -
,.

URL pipe may be that the fluid flow terms in the momentum equation can be

neglected. Also, it is reasonable to assume that ~ the body force

distribution will not materially affect the flow.,

|
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of Events Description,

1 Circulation pump shut off
2 Fracture of bursting disc
3 Closing of rapid shutoff valve

; 4 SRV350 begins to close*
S Closure of SRV350

FIGURE 4.3: Hypothetical Example of A DSP4 Event.
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Using these assumptions, the momentum equation (control volume

formulation) reduces to E = 0 (the sum of the external surface forcess
equals zero). This equation is applied to an arbitrarily shaped control

vob2me (for a piping system) as shown in Figure 4.4. The only forces of

concern are the pressure forces ( forces on the control volume from the

adjacent fluid) and the force of the pipe on the volume. It is seen that

the resultant force of a control volume (using the above assumptions) on its

corresponding section of pipe is given by:

|

Y"pA2-pAi
R i11 222

This equation is applied to each of the control volumes used to define

the URL space. Figure 4.5 defines the pressures and area used in the

computations. The equations for the fluid forces (on the pipe) at the load

points are given in Table 4.1. Appendix B gives the derivation of tnese

,

simple equations.
|

The fluid pressure time history data was used together with the

equations in Table 4.1 to calculate the fluid forces on the pipe. The

channels of pressure data that were taken to correspond to P P3 ...., 7

are listed in Table 4.2. Plots of the calculated fluid forces on the pipe

are given in Figures 4.6 through 4.15. Table 4.3 gives the force

application peint and direction for a given force number (i.e., force number

RF0006). Table 4.4 gives the minimum and maximum values of each of the

force components.
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FIGURE 4.5: Pressure and Area Definitions and Fluid
Force Application Locations
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TABLE 4.1

DSP4 FLUID FORCES ON PIPE
,

Load
Point Fluid Force on Pipe at Load Point.*

1 Y = (P A - P A sin 29*){ + P g cos 29'j1 22

2 Y = (P A - '2 2)A
2 33

5*S5A + Ad3
3 44

^

4 V=PA cos 60* 1 + P A sin 60* j + P A
4 77 77 66

5 " 7% c s W f - P g sin M* f5
5 7

* Note: The unit vectors i, j k correspond to the. local coordinate
^

systems at the load points (see Figure 4.5).
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TABLE 4.2: RELATION OF PRESSURE P[ TO TRANSDUCER CHANNEL

Corresponding Flow
Pressure Transducer ALR3, (m2)

P RP2114 0.10831

P RP2108 0.10 832

P RP2205 0.10833

P RP2205 0.10 834
P RP2203 0.1018$

P RP2202 0.10186

P RP2201 0.10187

.
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FIGURE 4.6
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FIGURE 4.9
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FIGURE 4.10
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FIGURE 4.13
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FIGURE 4.14
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FIGURE 4.15

(Problem with file information for Rf3014)
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TABLE 4.3
i

| IEATION AND DIRECTION OF APPLIED FLUID FORCES

i

Load Location Direction
Force ~ Point of Force of Force

;

Number * (LP) (ACO Node) (Local Coordinates)**'

RF0001 5 11 x

RF0002 5 11 y
,

RF0003 5 11 z

RF0004 4 18 x

RF0005 4 18 y

RF0006 4 la z
:

RF0007 3 37 x

i RF0008 3 37 y

RF0009 3 37 z
.

RF0010 2 *43 x
,

RF0011 2 43 y

RF0012 2 43 z
,

RF0013 1 49 x-

RF0014 1 49 y
,

RF0015 1 49 z
j

i

.

**This corresponds to the force headers of file #2.
**

See Figure 4.16 for the definition of these directions.

:

I

!.

f

,
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TABLE 4.4

EXTREME VALUES OF FLUID FORCES

Force ANCO Focce Minimum /Euimum
8

Number Node Direction Value/10 (N)
_

RF0001 11 x -292/460

RF0002 11 y -78/123

RF0004 18 x -238/151

RF0005 18 y -412/262
~

RF0006 18 I. -524/400

RF0007 37 x -531/452

RF0008 37 y -567/475

RF0010 43 x -131/970

RF0013 49 x -290/1550"

4

1

!.
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5.0 STRUCTURAL DYNAMIC SIMULATION OF URL BLOWDOWN EVENT (DSP4a)y

,

t

The finite element model discussed in Section 3 0 and the fluid' forces
presented in Section 4.0 were the ' basis ' for the - response calculations

;. required for German Standard Problem 4a (DSP4a). In performing the response
'

calculations, several items were of concern; they were: (1) damping tolbe

used; (2) the integration interval; and -(3) nonlinerr versus. linear- .

'j' simulation methods.

,

No data was available on the damping of the portion of tl4 URL pipe

; system involved in the DSP4a simulation. Damping data was available for the

! remainder of the pipe system. It typically varied from 3 0 to 6.0 percent

of critical. It would be expected that the dampf og for the portion of the

URL system not involved in DSP4a would be higher than that for the pipe leg

of interest. This is because the leg of interest did not have any supports

1 (sway braces, upring hangers, etc.) connected to it, whereas, the remainder
of the ystem did. (The pipe supports generally Lincreased the losses in the

) system.) For this reason it was decided to use damping values intermediate

to the extreme values of 3 05 and' 6.05. The damping was chosen to be

between 3 05 and 4.5% of critical. It should be noted that the' transient
response solution for DSP4a is not e'xtremely sensitive to damping changes

( over a small damping domain (i.e., 3 05 to a.05). For this reasc:, choosing

i intermedicte damping values seems to be reasonable.

The structural equations of motion were integrated using a direct'

integration scheme (Newmark method). The integration interval was chosen to
be equal to the discretization interval used for digitiring the DSP4 data
( At = 0.0002 second) . With this time interval and using 16 time points per

*

,

|. cycle, it is possible to define a transient signal of up to 312 5 Hz. The

. fluid pressure, for DSP4 type events, generally has its major frequency !

' , . content in the 50 Hz to 100 Hz range. Hence, the chosen integration

!
j

j

,
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interval should be more than adequate (Nyquist sampling theorum says that a
At of 0.0002 seconds is sufficient to detect transients up to 2500 Hz while
experience indicates that such a At will certainly be sufficient for

transients up to 1200 Hz).

The proportional damping coefficients a and S (C = OH + 8 K, where C, M,
and K are the damping, mass, and stiffness ma trices , respectively) were
chosen to be 1.20 and 6.35 x 10-5, respectively. This gives an equivalent

modal damping of 4.5% at 5 n.: and 100 Hz and a minimum damping of 3 0%
between 5 Hz and 100 Hz.

In s pulating the structural dynamic event, a linear analysis approach
was selected. This decision was made because it was not known if the
pipe would experience nonlinear deformation; hence, a standard approach

dictated that a linear analysis be performed first, and, only if necessary,
a nonlinear analysis would be performed (this would not be done for this

present task).

The linear analysis was performed and the plotted results shown in

Figures 5 1 to 5.42. Table 5 1 gives the minimum and maximum values for the

structural response quantities specified by DSP4a. Appendix C lists the

computer code that was written to process the EASE 2 output. It was used to

compute additional stress information and perform the necessary coordinate
transformations of the displacement and accelerhtion results.
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FIGURE 5.1
VGO.9 SP90HDRSRVB50
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FIGURE 5.2
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TEST: RUN:
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FIGURE 5.3
VGO.9 SP98HDRSRV950

TEST: RUN:
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FIGURE 5.4
V60.4 SP4AHDRSRVSSO

TEST: RUN:
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FIGURE 5.5

VGO.9 SP96HDRSRV950
TEST RUNS

ORDINATE DATA RANGEt
5 -90.78/'i3.19 DISPLACENENT CHM).

e-
w

e
d-
x

.

2*
T Se-u

&
z
u
r

d'

. Si '
'

-

os
-

s

e
d
# i i I ~~ l I I I I I.

'0.00 9.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
TIME - SECONDS

CHANNEL S RS2205 MM



-. _ . - _ . - . .

FIGURE 5.6
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FIGURE 5.7
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FIGURE 5.11
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FIGURE 5.13
VGO. Si SPliAHDRSRV950
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(Problem with File Infomation for RK 2010)

,

1

f

'

5-16,

I _ - . - _ , , , , -



. . . , .. - . . - . .

,-
,

i

1.

Gm se
- .

,

r
e
m

- .

e

!

s
. g
t

- .

s

s.
r-

- .

e
<

:
1

$
c - .

er' _==- en
Q
z
O

svw-. Lo '.D
,

~

* S g--

'

G u
re g -

tn v ey
m - r> u '. ~.
g y 3<

rA z
- e

c
i x
! o e

r z
-c

$! E h* b
'

__ % .=en ( e
'

u - o.. o

's R J E
o

| gE -
o

! x .,/ cue %,1 oe . o
I e o

a .- s -
-

u8 2 B7
I z

n - *_
,

: 1 .. s ' _--
w

t- e ' D< n 8d| u
; e r~o -_ ..

I 84 -
~ G w

.. -

u >w -
~t

- d~ z
e -,

- o g-
|

_
--

..

e z',

-
! i i i i :

! O 'G 05 0'002 0*001 0 'O O'00T- 0'002#
G30) 37DrW 9t4 ION 39

5-17

._ .. _ _- _ _ .- _ . ._ ...



' |

0
6 0'. 1

.

1

0
9

.

0

0
8

.

0

0
7

.

0

0
6

.

0
S
D
N
O
C0 E5
.S
0-

E
M

0 I)5 2 0T
3 * 9*V M ' .
R N 0
S /

NR C
D f'k
H S

S aDA E @:

4 N h
U R S

P R T ' .SS 0
2
M: 9E N9G /

N N7A 9R 01 g

A / 2
0T . P

6 9 0 e

D %
2 3E 3 K

6 T Rt

1 6 -
y

: N 85 T I 3SD t
E ER 1

R4 T O .

0 8U .

G 0 t
IF 6 LV E

N
Ng S

g ?

O,

. - - - - g
O drN O - ,O* gb G mI O'OOEe

nN$rE v $u b

. .'wd=
- I



- - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

$

?

I

4

FIGURE 5.17

(RK 4110 not computed)
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FIGURE 5.19
VG0.4 SP98HDRSRV350
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TEST: RUN:

ORDINATE DATA RAN6L:
19 -16.10/11.00 STRES9 (N/MM**2).

e-
e

i

o f

d~ 4 h

\ ) hI
i

I$ )i tu u
W'"

;
\Oo ,

d_ I 8 <

g
mi j.

gu
5me

- A

o
-0
* i i T i' i i i i i i

'0.00 0,10 0.20 0.90 0.40 0.50 0.60 0.70 0.80 0.90 1.00
TIME - SECONDS

CHANNEL 13 RK10tt N/MM2

.__ _ _ _ _ _ _ _ _ .



.. ..

.

1

FIGURE 5.20

(Problem with File Information for RK 2011)
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(RK 4111 not computed)
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(RK 5011 not computed)
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FIGURE 5.25
'
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(Problem with file information for RK 2012)
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FIGURE 5.28
V60.4 SP4AHDRSRV950

TEST: PtM:
ORDINATE DATA RANGE:
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FIGURE 5.29
VGO 4 SP'iAHDRSRV950
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ORDINATE DATA RANGE:
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FIGURE 5.32

(Problem with file information for RK 2013)
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FIGURE 5.34

V60.4 SP4AftDRSRV350
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e CRDINATE DATA RANGE:
d 13 -G9. 00/59. t 0 STRESS GUMM**2.)
OJ -
e

e

$~

0 i f

0'
*

n ,

??~ hm

I$ 00
c 1 A
S '! hv g

$ d-
-

13

E 0
V1$e ) d hd4 h

T- J

' ig

d
O I I I I I I I I I 3

'0.00 0.10 0.20 0.90 0.40 0.50 0.60 0.70 0.80 0.90 1.00
TIME - SECONDS

CH8NNEL 19 RK3019 N/MM2



. .- _ . _ _ . . . -. _

e
i 5 e

.-
M

j

e
c).

.

e

i

e
m

.

e

e
N

.

e

e
4 t_o -

,
.

e
en.
O i

.2>

: o
vemW

.cn
I

u
.r. -.

m senm n x
> # .,

m * e
cn r
e r*

a 2 <

I. V
'. c- ,m

a. 37 a
_.m, w

| e
| $ 5*

m
t

( u n
-

| 0 s.o
Ew zt

,

x; e
c7 cu

d '

| b' d ' i
' W C 3

n -z,

| GE i e-
-

J* -
| wz

w rno .

e rm - ::s e -

o to
C> d

z
o 5
S 5--, *

I I i i I'

| 0'021 0'08 0 'Oh 0 'O O 'O h- 0'08 *
(7A*WW/tO-SS381S

5-3/-

- . - - . . . .._ .--_ .- - . .- . . . -



1'

| |"

0
5 01
l .
- 1

0
9

1 .

0

s

0
8

i .

0

0
7

i .

0

0
6

I .

0
S
D
N
O

0CSE
I .S
0-

E
0 M

I
5 0T8 9)V 2 .

.

I

R + 0S *
R M

MD / f

H N
(8 :

9 N i

i 0SU i 3P R c,

S E i .
R 0T

E
I

2S M:

G f
M
/N

A N0
R 0

I

2
0

0A 5T 1

i . 92A
D / 7 0 1

0 0
E 0 l

5
M6 T | RA 03

N:
55 T I

0SD 1
E ER 1

R 9 T O I .

U . 0 5G3 1

I G -

F LV E
N

0 %
0 t

O.
- - ~ ' -

D'G deT O m O$h a dI" G$w * **0
^ 5EhO mWUr 1

t

_

YW

|| \i|| !||; |
i



. . . .-

FIGURE 5.37'

V60.9 SP4AHDRSRVS50
TEST: RUN:g
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FIGURE 5.38

(Problem with file information for RK 2014)
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' FIGURE 5.41
V60.4 SP9AHDRSRVB50

TEST: RUN:
G ORDINATE DATA RANGE:
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FIGURE 5.42
V60.4 SP9AHDRSRV950
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TABLE 5.1

EXTREME VALUES OF STRUCTURAL RESPONSE
DISPLACEMENTS AND ACCELERATIONS

Response ANCO Response Minirem/ Maximum
Number Node Direction Value

RS2201 14 y -49/44 (mm)
RS2202 14 x -20/20 (mm).
RS2203 14 1 -47/43 (mm)
RS2204 22 y -87/67 (mm)

RS2205 22 z -39/43 (mm)s

RS2296 22 x -50/41 (mm)< ,

SS4004 43 z -18/21 (mm)
SS4005 43 x -1/2 (mm)

SS4006 43 y -15/18 (mm)'

SS4001 42 x -38/7 (g's)

SS4002 42 y 23/26 (g's)

SS4003 42 z -19/18 (g's)

!

!

:

|

|
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6.0 . COMPARISON OF STRUCTURAL RESPONSE TEST
DATA AND ANCO SIMULATION RESULTS

i

j.

!' A brief comparison is made, herein, between some of the test data and
the results of the simulation performed by ANCO Engineers, Inc. The

i

i quantities that have been compared are: (1).eigenvalues of the pipe system
,

and; (2) maximum and minimum displacements of the pipe during the . dynamic .
event. The test data was taken from the report "Ergebnisbericht, Blowndown-

| Versuch NR. V60,4.1, am 5.12.80, Versuchsgruppe SRV 350," Februar 1981,
Kernforschungszentrum Karlsruhe, Projeckt HDR.

The experimentally determined and predicted eigenfrequencies are given
in Table 6.1. There was a problem in comparing the t'vo sets of values.

] Only two experimental frequencies were given below 25 Hz, whereas, there
; were three predicted frequencies. This difference was partially resolved

| through the following discussion.. There is a - large relative difference.
,

j between the third and fourth theoretical eigenfrequencies. There is also a

| large difference between the second and fourth experimental eigenfrequencies
(as defined in Table 6.1). Because of this, together with the fact that the

,

j values of the frequencies (experimental and predicted), as given for the !
i

; fourth and fif th modes, are close to each other, it is believed that the
' experhental frequencies given in Table 6.1 for the fourth and fif th modes

| probably correspond to the fourth and fifth theoretical trequencies.
:

i

| In comparing the eigenfrequencies below 25 Hz, there are essentially
I

! two possibilities. First, that there exist only two experimental

j frequencies below 25 Hz; or second, that there exist more experimental '

frequencies below 25 Hz, one of which was not detected during data analysis.
Regardless of what the situation is, it is most logical that the first.,

t

| experimental frequency corresponds to the first theoretical frequency. . If
it did not, the first experimental frequency would correspond to the second
theoretical frequency giving the theoretical frequency a relative error ~of
73 percent. With good agreement between theory and experiment for ' the

,

{ fourth ~and fif th eigenfrequencies, and with - the physical system being
'

: i
i -

I

! 6-1
i
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TABLE 6.1
COMPARISON OF EXPERIMENTAL AND

THEORETICAL EIGENFREQUENCIES

Experimental Predicte'd Relative
Mode Einenfrecuency (Hz) Einenfrecuency (Hz) Difference (%)

1 4.95 5.46 10.3

2 7.75 8.54 10.2

3 * 9.43 *

4 25.50 26.18 2.7

5 29.30 30.55 4.3

* Note: On the assumption that the first two experimental eigenfrequencies
correspond to the first two theoretical eigenfrequencies, either
there is not an experimental mode that corresponds to the third
theoretical mode (9.43 Hz eigenfrequency mode) or the third
experisertal mode was not observed during analysis of the
experimental data by German investigators.

6-2
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essentially linear for non-plastic deformation and hence being very amenable.
to modeling as a linear system, an error of 73 percent for the second

frequency is improbable. Overall, there seems to be excellent agreement

between the two sets of eigenfrequencies.

The maximum and minimum displacements the pipe experienced during the
dynamic test (DSP4) are compared to the predicted results in Table 6.2.
There is a substantial difference between experiment and theory. Some of

the large dif ference occurs where the displacement is small (i.e. , SS4005)
and, hence, does not have a great deal of meaning. Some of the large

difference occurs where the displacement is large (i.e., RS2204). This

difference is of concern. Some of the small to moderate differences occur
where the displacements range from being small to large. Overall, the

comparison of theory to experiment seems to be fair, with the predicted

values bounding the experimental values.

,
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TABLE 6.2
COMPARISON OF MAXIMUM AND MINIMUM DISPLACEMENTS

E

Minimum / Maximum Value (aun)
Relative1

- Transducer Experimental Predicted Difference (%)
,.

RSS2202 -7/9 -20/20 186/122'
'

RS2201 -35/37 -49/44 40/19

RS2203 -22/18 -47/43 114/139"

RS2206 -/- -50/41 -/-

'
RS2204 -52/62 -87/67- 67/8

RS2205 (-30/30)* -59/43 30/43
i

SS4005 -7/8 -1/2 85/75

SS4004 -23/27 -18/21 22/22'

SS4006 -13/17 -15/18 15/6

,

* Mote: Displacement transducer may have been damaged during the test..

,

!
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7.0'C06DfENTS

Even though the DSP4a theoretical simulation was-to have been as close4

to reality as possible it was necessary to make certain simplifying
|

'

-assumptions due to reasonable resource constraints and limited fluid dynamic !

response data from DSP4. Following is a list of these assumptions:,

; Structural Assumptions

e A linear structural simulation would give meaningful results.
,

| e Each end of the pipe line was fixed.

i
'

e The pipe could be represented with pipe elements (essentially
straight and curved beam elements); no ovaling of the pipe elbows
would occur to any significant degree.

e The damping effects could be represented with proportional damping
and the damping was between 3 05 and 4.5% of critical.-

o The fluid-structure problea could be decoupled -and still give J
reasonably correct results.

!

| Fluid Assumptions

e The discretization of the space :inside the URL pipe into, the six
! defined control volumes -(Figure 4.2) was fine enough to generate a
i. satisfactory load distribution on the pipe.

1

; e The net rate of acaentum efflux from a control volume and the rati.
! of changa of moa6atum within a control volume can be neglected as

compared to the fluid pressure surface force of the volume.

t

e Body. forces are negligible.

o Choosing the geometric center of a control volume as the center of
pressure will not seriously affect the'results.

e No significant concentrated acaents on the pipe would be generated
by the control volumes.

,

The structural dynamic simulation was performed 'using the above-

assumptions.- The response information required by DSP4a-was generated. As

far as can be determined by. inspection of.the simulation results, it appears

that there are no . serious problems with the solution approach or. the

solution.

7-1
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APPENDIX A
,

URL BLOWDOWN FINITE ELEMENT H0 DEL

(EASE 2 Input Listing) .

Following is a listing of the data which defines the EASE 2 model of

the URL blowdown pipe system.

!

l

,
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EASE 2 INPUT

3A S TE4 C0N TR0L PA RA M E TE RS

HDR / URL BLOWOOWN MODEL PAGE 1

24 =AR c1

( i SPS (CC LSIMASTER ECHO PRINT CONTROL a

EQ. *, 5:JPPMESS ECH3 PRINT IN ALL
j DATA SECTIONS

( 4) IM03E (CC lb-201SOLUTION M3DE CONTROL =

EQ. 1, STATIC SOLUTION
EO. 2 EIGENVALUE 50LUTION ONLY
EO. 3, TIME-HIST 04Y ANALYSIS USING

MODE SUPERPOSITION
EJ. 4 TIME HISTORY ANALYSIS USING

O! RECT INTEGRATION
EJ. 5, RESPONSE SPECTRUM ANALYSIS

>
$ STIFFNESS = ATRIX RESTART CosTROL ( 03 IRSTR1 (CC 243=

-EQ. 1, PROGRAM EXPECTS TO RE AD THE
DECO.9 POSED STIFFNESS MATRIX
F4GM DISK FILE TAPE 12

(. . 01 IRSTR2 (CC estEIGENVALUES/EICcNVECTodS RESTART CONTROL =

EG. 1, P40 CRAM EXPECTS TO aEA0
EICENVALUES AND EIGENVECTORS
FROM OISK FILE TAPE 13

I 21 IBAN3 (CC 25-30)2J06 RESEGUE NCINO CONTROL =

E3. O, INIEdNAL NO36 NLMBERS ASSIGNED
IN ASCE N0 !?,C N006 040ER

E3. 1. INTERNAL NODE NUM8ERS ASSIGNc0
SEQUENTIALLY AS NODES ARE
ENCOUNTERED DURINC INPUT

cQ. 2,. INTERNAL N00E NUMBERS ASSIGNE0
TO PNGOUCE A REDUCED BANOWIDTH
USINC * GPS * ALGORITHM

SLAN<, DEFAULT SET TO 2

(250000) ICORE (CC 33-40).tAMIMUM CoiE F04 EASE 2 EXECUTION =

oL A N.( , DEFAuti SET TC 250000

LT. 1030008. EESET TO 1000003

_
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C0NCL 4 iR A TED F 0RCE5 (LOAD CASE los

HDR / URL BLOW 00dN MODEL PAGE 2i
24 MA4 di

LOAD CASE 10 --

N00E SPEC $4EW REST- CONS- REPEAT IX.R 04 x*) (Y,5 OR f*l 12.T 34 2*l (n.R 04 x*3 tY,5 04 f*3 12. T 0 4 J * l * GENE 4ATION*
NUMBER SYST NODE RAINT TRAINT N00E FORCE F04CE FORCL M39ENT .90 ME N T MOMENT NUMBER INC Cautai

11 2 0. .10000E.01 0. 3. O. O. 0 1 1
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HDR / URL BLOWOOnN MODEL PAGE 29
24 ?.4 R 61

FLAG CJNTROLLING THE METHOD USED TO
CAEATE THE SYSTEM MASS MATRIX I II IELMS (CC 16-20)=

E0. O, ELEMENT MASSES ARE 10T USED,
ALL MASS DATA MUST BE INPUT IN
THE *1 ASSES * DATA SECTION

E0. 1. ELEMENT MASSES ARE USED, ANY DATA
GIVEN IN THE * MASSES * DATA SECTION
WILL AUGMENT THE ELEMENT-BASED MAT 41X

' ACCELERATION OF GRAVITY *I .981005+01) FCEE (CC 21-301=

Fd FLAG FOR PRINTING THE SYSTEM MASS MATRIX t 03 IMPRT (CC 31-35)=

EJ. O, NO
EQ. 1,YES
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i !Mi H !$T0RY A N ALYSI$ C0N TRDL VAR IA 4LE S

HOR / URL BLOW 00dN MODEL PtGE 30
24 Mad 31

NUMBER CF SOLUf!ON TIME STEPS t 50001 IDT- (CC 16-203=

SOLUTION TIME STEP I .200005-33) FDT (CC 21-30)=

TIME AT THE START OF THIS SOLUTION t .966005-018 FT!160 100 31-403=
,

| METH3D TO 8E USED FOR DIRECT INTEGRATION 8 NI SN 800- 418=

E0. 4 NEd"Aad*S METHOD
E0. J. WILSON THETA METHOD ;

VALUE OF-ALPHA PARAMETER I NE d M A,R K ) =t .50000E+00) FA (CC 42-508
>4
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*** ERR 0N ** PRECEDING LINE.
SECTION (HISTORY 3, CARot. II, COLUMNS (31-408. '
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APPENDIX B

PRESSURE WAVE FLUID FORCES ON URL PIPE

i

The approach used to determine the fluid forces on the URL pipe was to
assume the value of the momentum terms in the linear momentum equation, from

fluid mechanics (control volume formulation), to be small compared .to the
surface force terms. For this reason, the momentum terms, together with the

body force term, were neglected for this analysis. The resulting equation
to be solved for the fluid force on the pipe E is F = 0. The solution is

R 3
,

obtained simply as follows (see Figure B.1):

- p2 2 2 = 0 (sum of the surface forcesAiF = -FR+PAiyyls on the C.S.)

F =PAi -pAi, (B-1)
R yyy 222

,

where Y is the resultant force of a control volume on its correspondingg,

section of pipe. This equation is applied, as follows, to tre control

| volumes defined for this solution approach. ,

|
!

|
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Figure 8 7
LOCAL COORDINATE DIRECTIONS FOR APPLIED FLUID FORCES
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APPENDIX C

PROCESSING OF OLIFPlff FROM EASE 2 AND
COMPlfrATION OF ADDITIONAL STRESSES

The computer code PWSTRS was written to apply coordinate transformations

to the displacement and acceleration output from EASE 2, compute additional
stress components, change to desired units (i.e. , displacements were to have
units of mm), and format solution results in DOSYS format. A licting of
this code is given in this appendix.
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4 d # A $ - + r__u _ - M-qm

C QUANTITY
C NEY .EO.1,2 . N00E NURSER
C EEY .EO.1.4,5,6ei ELEMENT NUM4ER.

C 53tJB.EO.9H AC5. ACS NURSER
C

S REA0lE2HI5flKEY,405.IfrH.MatCOL.
6 111tl,Jis51tleJl, Jet,MAXCOLI,
*. 15261 Jt,1282,JB.JaleMAXCOL).
* 15 3I JB.L3RNIJg J.1,MAxCOLI

IFIEOFIE2HI5fil1060,80
90 CONTINUE

mRITEt6,302) KEYeN05 IIPH
302 F ORMait tX,24HINFO. FROM HE ADER RECORD,//,

3

* 9X,20HC ATECORY NO.lEEYi * elSe/ ,
* 9X,32HOUTPUI SET NO. IN REY =TH CAT. = ,IS /,
* 9x.18HOUTPU T INTERY AL = elS e/l

dRITE86,30ll 53818,L34 Nill
303 FORMait92.49 IS.//I

L = L3RMlll
C ** SR44CHING,0EPENDENT UPON TYPE OF DATA

IFtKEY.EO.tl GOTO $1
IF t KE Y.E O.21 G0fJ $3
IF tKE Y.EO.it COTO S2

C ** READ AND SET UP NODE DAT A FOR OUTPUT 10I5PL.5 AND ACCEL.51
51 CD1TINUE

IFIL.io.f*t1N0=1
IFIL.t1./*;IN0*2
IFIL.E1.9288N0*1
IFEL.EQ.438tN0=3

f4 C 1840 REFEmR5 10 THE INTERNAL NODE NUMdERS FOR OUTPUT OF N00E
$, C OAIAlnEY*18.8

d48tE46,304) L,1NO
304 FORMAfl1E 32HINFL. FROM COMP. SEC.IN00E DAfale//,

* lx,20HE XTER Nat N00E 40. * .3 5,/ ,
* 9X 20HIN:ERhal N00E NO. = elS //l

GOTO 10
C ** REAP AND SET UP PIPE DATA FOR OUTPUTISTRE55E5B

S2 CONTINuf
IFIL.EQ.tBIND*1
IFIL.EO.ilIN0=2
IFIL.EO.1SIIN0=3
IFIL.EO. tiling.4
IFIL.EG.21tlN0=S

C IING REFERR5 10 THE INTERNAL N00E NUM8ER5 FOR Dufrui 0F PIPE
C 04TAIEEY=T).I

WRITE 86,3058 L ING
305 FORMAfl1X,32HINFO. FROM COMP. SEC.IPIPE DATAle//,

* 92.20HE XTE RNAL PIPE NO. = ,1%./,
* 9E e 20HI NTE R NAL N00E NO. = 45,//l

"

G O T O 10 '-
C ** RE AD AND SE T UP FORCE D ATA FOR OUTPUT IFORCESS

S3 CONTINUE
IFIL.EO.11 TIN 0=1
IFIL.EG.18 BIND *2
IFEL.to.3TilN0=3
IFIL.EQ.*llIN0*4
IFIL.EO.498tN0*$

C 1810 AEFERR5 10 INE INTERNAL NCJE NURSER 5 FOR OUTPUI OF F02CE
C OAlatKEY 23.1

malTE 8 6.3068 L etND
306 F0t Mail 1X,13HINFO. F R OM COhP. SEO.lFORCE Datal.//

'

elSe/o* 9u,20HE XTE R NAL NOCE NO. =

* 95,20 HINTER NAL NODE NO. * ,IS //l

_ _ __ _ _ _. _ _ _ _ _ _ __.



C
C DEFINIf80N OF INTERNAL N00E NumeER5tlNO3 82/13/311
C
C IN3 RErtat5 TO 4 Nunef alNG SYSTER ulTHIN THIS CODE T44T
C C044ESPON05 TO AN EXTERNAL 8PHYSICall NUM4ERING Sf 5fE4 0F
C N00E 440 ELEMENT NunSE45.
C
C EEFERNaL* 400E DATA
C NODE CO4RE5PONDING
C MuntEt INO RE5PONSE ouaNT.
C 14 1 015PL83.4M von R08-5Tuf2EN)
C 22 2 015PLE T.in von ROB-S tuf 2ENI
C 42 1 aCCEttag vfNitL)
C 43 3 015PLlaM VENitL8
C
C EXTERNAL * ELEnENT Data
C ELEMEMI CORRE5PONDING
C Numett I NO t?1PONSE ouaNT.
C 1 1 $?tE558ME55E8ENE al
C i 2 STRE554RE55E8ENE C19
C 15 3 STRE55t9E55E8ENE Mll
C 17 4 SiaE55tmE55ESENE El
C 21 5 5ftE558ME55ESENE F5
C
C EXTERNAL * FORCE Defa
C NODE CoatESPONDING
C MumSER INO RESPON5E quant.
C 11 1 FotCE
C la 2 FotCE

P C 3F -3 F04CE
e C 43 4 FotCE

C 49 5 FORCE
C
C * NOTE- TME5E aaf THE Ea5E2 NODE AND ELERENT NumstalIFES Sil
C
C E2NI51 0 a i a
C
C vastatLES
C
C TIME * TIRE AT We4ICH HISTDAY RESULT 5 att Savi: ON THE
C E2 MIST FILE
C XItJ8 = VALUE OF THE J-TM REQUEST OuaNilif at 53Luf101
C TIME - TIME .
C
C * SET I * 1 IINTEGER flRE * 18. THIS IS FOR LOOP F401 SiaT4ENT 13 TO 20.

10 I=1
C .

80 20 ILOOP=1,10f
IFER004teliPHl.NE.03 GOTO 20
tea 0tE2W15ft i l mE ,IIl l J B ,J a!, R AXCOL I

IFII5 KIP.E Q.18 C0f 0 60
C ** CENEmaf E attaf Or 50Luf tDN TIMES

TitMEtti * TIME
detTElfiaPEI TTIMElli

S t. C01TimuE
C ** esaNCHING DEPENDENT UPON TYPE OF Data

IFtWEY.EO.11 GOTO 55
IFt4EY.EO.21 GOTO Si
IFittf.EQ.78 GCfD 56

C ** NuGE Dat a F 04 Outruf
55 C04Tthut

IFIL.EO.429 GOTO 70
C * 015 place PE%f Oaf at IN THE FOLL0 DING 'O = T0*WI e d4ERE O att idt LO;aL
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100ftl.14B = SOENilell
E00Til,1SB = 4LPH4tlell
IOultle168 = ST046tell
EDuilletTI = 0.0
300148,100 = 0.0
XOutile198 = STEN 12 ell
n00TII,208 * 30ENllell
x00ftl.215 = ALPHal2,Il
200ftl,221 = Siet|2 ell
x00541 233 = 0 . t>
E00ftle248 * 0,0
uouillo2SI = STENf3,tl
XOuttle261 = SSENilell

ALPM483 ellN0util.273 =

moutile286 = STORt3,Il
200f15.298 = 5tillell
x0Uitt 303 STI3eII=

51fM84.18XDuille311 =
E00ftle329 = SSENitell
500ftl.135 ALPHalteII=

E00 file 344 510A14,88=

SPil4 ellK00 Tile 3Si =

x0Uitt 361 = STI4ett
Mouille3TI = STENISell
Mouittelal SSENESell=

Mouille399 = ALPHalSell
E0Uitt,408 = 5104tSelf
x0uilletta = 5 Pits.Il

SYlSettrouilletil =

r5 C ALL 005T5dli!IME e f tM5f P NTR AN,1,XOUf e42,8CHANeldHe 304fE 11

o' 500 C01TINut
- C

C * CENEtafE Defa FOR FILE 2 8005Y5 FORMail
C

REdINO 10
MitAN = IS
ICMAN = 31
C ALL 005Y5dlif!ME e TIN 5fP NTRANeIOf eXOUfe42,1CHA4e tuieIO4TE,08

C * SEI I - 1 F04 @1Pui 0F FoeCES.
I=1
00 595 ILOOP=1,IOT
RE40tiTAPER IIIME t ti
04 $30 IN0=leS
FT4PE = 24 . INO

S30 EE40lFTAPEI FXilN0elleFTilNO 18eFilIN0 ell
ITIME118 = IIIMElit = 0.0966
E00 Tile 18 = FEltell
x00ftle 28 FTit,Il=

x00 Tile 30 F281 ell=

NOUill e-Al = F M12,Il
soutti, $1 FY52.15=

N00 Tile 65 = P282eII
E00ftle it FXt3,Il=

E0GTile R$ = FYt3,Il
20u84I, 9) Fillell=

r ou t t i 10 8 = F X i t e l l
FTit,Il100ftl.118 =

F264,Iltouittetil =
E0uille138 FutSell=

u00fitel40 = FTIS,Il
M00T41 151 = F285.35
CALL 00175dliitMEeTIM5freNia4NeleX00Te42,ICHANetWN. IO4TEsti

S9% CONilNUE
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Co**********************************************************************
C

SusacuTINE 005f5NI5ititM. TIN 5fP.NTRANeNPfleiOATAeM&tT44,ICHA1e
* teHERE !OATE,tFLACI

C
C***********************************************************************
C
C ' PURPOSE THis ROUTINE 15 USED To ouTPui OATA TO J05Y5 FORMai

-C TAPE 5.
C N0ff INE FORMAT STATERENis IN THI5 R0uitNE ARE SPECIFIC TO
C THE NSF PROJECT 1882.08.
C
C INPUTS SititM START itME OF THE DATA
C f!MSTP DELTA TIME FOR EACH STEP
C NTRAN NUMSER OF TRAN50uCER5tCHANNEL5 0F DATAI
C NPTS nun 8ER OF TIME POINTS

,
C TOATA TRAN10uCER OATA

I C MAXTRN MAXIMUM TRAN50uCERS. U5ED IN DIMENSI3NING TOATA
C ICHAN CHANNEL Nu48ER OF 005Y5 TAPE
C teHERE IN0! CATES mHICH SETS OF 10ATA ARE usi3 A5 WHIC1
C TRAN50uCERS. & O INotCATES THAT 2ER015 Aaf TO
C SE OUTPUT FOR THAT CHANNEL.
C 10 ATE INTEGER DATEt!.E. FEB 3,1681 = 81020A
C IFLAG IF.LT.0 OUTPUT HEADER ANO DATA
C IF.EQ./ OUTPui HEADER ONLY
C IF.GT./ OufPui DATA ONLY
C .

C OuTPuis ALL DuiPui 15 TO THE 005Y5 TAPE OR THE LisilN5 FILET 68.

C........****.*..*.....*.*......*.....*.****.*..*.**..*.*****..**...*.*.52 C
>* C
''

C M03 CATE SY REASON
C t.0 3/81 . LJ5 04tGINAL
C
Co**********************************************************************
C

Ot9E45104 TOATAINPTS MAMTRNielWHEREINTRANle0UTDAft256)
C
C CHECK FOR WHETHER TD Quipui HEADER OF NOT
C

IFilFLAGS 50.50 210
50 CONTINUE

C
C dalfE Dui HEADER
C

WRITETICHAN,90006 80ATEsiOATEeNTRAN.NPf5
IFINIRAN.NE.428 GOTO 100

C
; IF 42 CHANNEL 5, Mu$i SE
C "

THE TRAN50UCER INFORMAflom

dRITERICHAN,900tl
4RITEtICHANe910tl
dRITEllCHAN,920tl
mRITEllCHageglott
datfEttCHANe9*0tl
NAITEttCHAN 950tl

i
datifttCHAM,960LI I

G0f0.200
C ..

C IF OTHER THAN 42, RUST BE FORCE 5.
C

100 CONT I NUE
NaNTRAN

.1



_ , _ _ .__ _ ....mm-.

IFlm.GT.99 N=9
00 120 laten

d43fEllCHANe90028 I
120 CONil WE

IF INTR AN.l f.508 G0f 0 200
N= NitAN
IFfM.GT.999 N * 99
00 130 l a teen

WalTEtICHame90039 8
130 C ON T INUE

IF INiaAN.Li.1000 GO TO 200
00 140 I * 100 NTRAN

W4tiftICHAN,90049 1
14C C ogi t NUE

200 CONitNUE
IFi tFL AG.EO.09 RETURN

C
C OUTPUT DATA PolNTS
C

210 CONTINUE
il9E * STRilR
00 400 t = 1,NPf5
00 300 J = leNTRAN

IF i twHER E 8 J I.E O.0 3 COTO 250
OUf0AftJi * 10AfattuMEAEtJtell
GOTO 300

250 CONitNUE
OUf0AT8JI * 0.0

300 CONTINUE
n waliElICHANe900S$ itME e 80Uf oaf t JIe J*leNTR AND
L 400 CONTINUE
A RETURN

C
C FORMAIS
C
9000 F0ERATIA6/6HEV3000e/5HW60.4,/4NCANCe/46ete

+- 13H5P4AH0ASRW350///////////I5/158
9001 F04RAi{ 10H452201 RMe19X 3HLO2,10xe6H003400e/

+ ITHdEG IN T-RICHfUNGet
+ 10H452202 M9.192,3HLO2 tos 6H003400 /
+ 17HdEG IN X-RICHfuNGe/

'+ 10HR52203 Mme 19E 3HLO2,10g e6H003400e/
+ 17H dE G IN 2-RICHIUNGet
+ 10Ha52204 MMel9te3ELO2.10Xe6H003400e/
+ 1THuEG IN Y-RICHfUNG,/
+ 10H45220% M9.19X,3HLO2,10Xe6H003400 /
+ 17Huf G IN 2-alCHfUNGe/
+ 10H452206 M9 19de3HLO2.10ge6H003400e/
+ li s 4E G IN X-AICHTUNGl

9101 F04RATI .'.H154 004 mm 19xe3HA45.10xe6H000000e/
+ LTHmEG IN 2-RICHTUNGe/

Mm 192.3HARS.10Xe6H000000,/+ 10H154005 e

17HWEG IN X-4XCHfUNGe/
+ 10H554006 MM 19xe3 Hat 5,10Xe6H000000e/
+ 1?HwEG IN Y-RICHiumG /
+ 10H554001 G .19r 3HAtle10se6H -250e/
+ 2BH8ESCHLEUNIGUNG IN X-4tCHTUNGet
+ 10H554002 G .19 M ,3N A R $ e 10 E e 6H -250e/
+ 2eH8ESCHLEUNIGUNG IN Y-RICHfUNGe/
+ 10H554003 G .19X,3HA45,10X 6H -250e/
+- 28H6ESCHLEuNIGUNG IN 2-RICHTUNGl

9201 70494T8 13 Heat 010 NimM2,/
e 11HluGSPANNumG,/



. . - - - - - .. .+ - - .-

r

* 13HR E2 0 L O N/MM2e/
e 13HelECESPANNUNCe/
o 12HtE2210 Ge&D et

, .
* 21HWINEEL'OEL 81EGEACH1Ee/

t 'e -13HRE3010 N/MM2 /
'

* 16HTotSION55PANNUNGe/
e- 13HtE4110 N/MM2e/
e 35Hf4NGENTIAL5PANNUNG DJ4CH INNEN0tuCEe/
e 13HtE5010 N/MR2e/
e . 18HVERGLEICH55PANNUNG)

9331 FORMatt 13H4E1011 N/MM2e/
e 11H2uG1PANNUNGe/
e 13HAE2011 .N/MM2e/
e 13Ha!EGE$PANNUNG,/
e 12HtE2211 GRAD et
e 2tudINEEL DER SIEGEACMSEe/
o 13HtE3011 N/MR2e/

, e 16HT0tSION55PANNUNGe/
e 13HtE4111 N/MM2e/
e 35HTANGENTI AL5P ANNUNG OURCH INNEN04UCK e/
e 13HdE5011 N/MM2e/
e 18HvitGLEICH55PANNUNGS

9401 F04MAft 13HREIO12 N/MM2e/
e 11H20G1PANNUNGe/
e 13HtE2012 N/MM2e/
e 13HtIEGESPANNUNGe/
e 42HtE2212 GRAD et
o 21HetNufL OES SIEGEACMSEe/
e 13HAE3012 N/MM2e/

c) * 16Hf04510N51PANNUNGe/
* * 13HAK4112 N/MR2 /,

us e 35HTANGENTIALSPANNUNG OURCH INNEN04UCte/
4 13HdE5012 N/MM2e/
e 18HvERGLEICH55PANNuNGS

$501 FORMA f t 13HtE1013 N/MM2e/
e 11H2UGSPANNUNGe/

13HtK2013 N/9M2e/e.
. 13H8tEGESPANNUNGe/e

e 13H442213 N/MM2 /
* ZINWINE EL DER 8 tEGE ACH1Ee/
e 13HtE3013 N/MM2e/
* 16Hfot510455PANNUNGe/
e 13HtE4113 N/MM2./
o 35HI ANGENTI AL5P ANNUNG OURCH INNEN04UCEe/

4 e- 1)HRE5013 N/MM2e/
e . 14HvERGLEICH55PANNuMGs

9G01 F04MATI 13Haut014 N/MR2e/
e 11H2VG5PANNUNGe/
4 13HtK2014 N/MM2e/
e 13H8IEGESPANNUNGe/'
e '' ' 1)HR E2 214 N/MM2e/
e 2tHw!NEEL DER SIEGEACH1Ee/
o 13HtE3014 N/MM2e/
e 16HTOR$10N15PANNUNGe/
e 13Hesttle- N/MM2 /
e 35HIANGENTIALSPANNUNG dutch INNENotuCast

13H4E5014 N/MM2e/e
.ItHWE4GLEICH55PANNuNGS

*

*
9992 70eNaf t 5HEF000,Ite3H N 19Ee3HLO2 104.6H......e/9
9003 F049 Aft 4HtF00, 82,3H No19Ee3HLO2,10Ee6H......./9
9104 FORNaft 3HtF0, 33e3H N o 194. 3HL O2 10E e bH. . . . . .e / l
5005 F049 Aft 6E12.Se84)

. END
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